When the Ag layer was introduced under the CoPt alloy film annealed at 700 o C, the CoPt/Ag films had great out-of-plane squareness (S ), out-of-plane coercivity (H c ) , and saturation magnetization (M s ). The SiN x ceramic materials were co-sputtered with CoPt on the Ag under layer then annealed to reduce the grain size of CoPt films. The particle size of CoPt was about 10 nm with 46.2 vol. % SiN x content. Furthermore, Ag was added into the CoPt-SiN x layer of CoPt-SiN x /Ag films to reduce the ordering temperature of L1 0 CoPt (fct phase) films.
Introduction
CoPt film with a tetragonal L1 0 phase has been investigated for ultra-high magnetic recording media application due to its high thermal stability and high magnetic crystalline anisotropy which is about 4.9×10 7 erg/cm 3 [1] [2] [3] [4] [5] . The as-deposited CoPt film possesses a face-centered cubic (fcc) phase which could be transferred to a facecentered tetragonal (fct) phase by introducing a proper under layer beneath the CoPt film and post-annealing at 600~700 o C [6] [7] [8] . It had been reported that the strain energy caused by the lattice misfit between the CoPt layer and Ag under layer provided a driving force for the ordering of the CoPt film [9] . For high density magnetic recording media application, a lot of relevant properties were associated with reducing magnetic particle size. According to Zhang et al. [10] , the grain size of the magnetic films had to be very small to improve the signal-to-noise ratio. Moreover, the exchange coupling effect between magnetic grains should be minimized in order to lower the transition noise. A granular microstructure of CoPt film was preferred to reduce the inter-grain interaction. The ideal granular films should consist of magnetic grains embedded in non-magnetic matrix. Several studies controlled the grain size of the magnetic film by adding non-magnetic materials [11] [12] [13] [14] . ________ SiN x has many good properties such as oxidation resistance, corrosion resistance, and wear resistance. In this study, we introduced the Ag layer beneath the CoPt films to obtain high perpendicular magnetic anisotropy L1 0 CoPt films and added SiN x ceramic material into the CoPt layer to form CoPt-SiN x /Ag granular films. A cheaper and rapid low-temperature process of fabricating ordered CoPt thin films is more desirable for industrial application. By adding Ag, we tried to improve the magnetic properties of CoPt at lower annealing temperature.
Experimental
First, the Ag under layer (30 nm) was deposited on glass substrates at room temperature. Then different volume percents (0~55.1 vol. %) of SiN x ceramic material were added to the CoPt films (16 nm) to form a granular microstructure of CoPt film by co-sputtering of SiN x and CoPt on the Ag under layer (30 nm) at room temperature then annealed at 600 and 700 o C for 30 minutes. In order to reduce the transformation temperature of CoPt films from fcc to fct structure, different volume percents (0~67.3 vol. %) of Ag was added into the CoPt-SiN x films. The CoPt, additive Ag and Ag under layer were fabricated by dc magnetron sputtering of pure Ag (99.95%), Co (99.95%) and Pt (99.95%) targets (base pressure was 6.66×10 -5 Pa). The addition of SiN x was fabricated by rf-magnetron sputtering of Si 3 N 4 target. Finally, the (CoPt-SiN x ) 1-y Ag y /Ag/glass films were annealed at 400 and 500 o C for 30 and 60 minutes. The composition and thickness of the film were determined by an energy dispersive X-ray spectrometer (EDX) and an atomic force microscope (AFM), respectively. Magnetic properties of the films were measured by using a vibrating sample magnetometer (VSM) and a superconducting quantum interference device (SQUID). The film structure was examined by an X-ray diffractometer (XRD) and a field emission gun high resolution transmission electron microscope (FEG-TEM). (002) were observed again. The diffusion of SiN x would induce vacancies and increase the mobility of Co and Pt atoms and enhance the CoPt ordering. Therefore, when sufficient SiN x was added, the intensities of fct-CoPt (001) and (002) peaks would be enhanced. But, when the SiN x content was over 41.6 vol. %, the grain size would be too small to be detected by XRD and weaken the diffraction peaks again. Chen et al. [15] found that Ag in CoPt films was effective in reducing the activation energy and promoting the ordering process. In order to reduce the transformation temperature of CoPt films from fcc to fct structure, different volume percents (0~67.3 vol. %) of Ag was added into the CoPt-SiN x films. Figure 3 shows the effect of Ag addition on the H c of (CoPt) 1-y o C for 30 minutes were about 795 kA/m and 437 kA/m, respectively, and the particle size was still about 10~20 nm, as shown in Figure 4 . 
Results and discussion

Conclusion
We had investigated the magnetic properties and microstructure of co-sputtered nanocomposite (CoPt) 1-y -(SiN x ) y /Ag films over the varieties of SiN x contents. Granular structure of ordered CoPt-SiN x films with average grain size smaller than 10 nm could be obtained by annealing the (CoPt) 53 
